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DEFINITION OF WORK TASKS

I. INTRODUCTION

The Chrysler Corporation Space Division, Kollsman Instrument Corporation,
Sylvania Electronic Products, Inc., team was awarded one of two concurrent
Optical Technology Apollo Extension System (OTAES) study contracts, effective
November 8, 1965. The study is sponsored by the NASA Headquarters Office of
Advanced Research and Technology, and is managed by the NASA George C. Marshall
Space Flight Center. The purpose of this study is to define and justify
technological requirements for large optics in space and planetary communica-
tions and to determine the alternative development approaches which will satisfy
these goals.

As one of the two Phase A prime contractors, Chrysler has full responsibility
for systems integration and program management, as well as a "team member"
responsibility for experiment development. Kollsman as the optics and fine
guidance subcontractor, and Sylvania as the RF and optical communications
systems subcontractor, have major responsibilities for experiment development.

On March 8, 1966, the initially contracted Part I study was completed with the
identification, definition, and requirement justification of 36 optical
technology experiments; the derivation of mission, orbit, and launch vehicle
requirements; and the investigation of the experiment constraints imposed by
spacecraft and ground support systems., As the Part I study progressed, the
need for additional detail in the areas of compatable experiment grouping and
OTAES Concept justification for space testing became evident. Consequently,
Part I was extended through October 22, 1966, for additional studies in these
areas.

The OTAES Program represents Chrysler's further commitment to the major space
endeavors of the early post-Apollo period and, therefore, receives the attention
of the highest levels of management. It is the major element of the Chrysler
Corporation Space Division's plans for further space Astronomy.

The Part II effort will emphasize the cost schedule and the reliability and
critical development elements of the recommended experiments, both singly and
in groups. The following sections present a detailed work plan commensurate
with the present Part II work scope.
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IT. TECHNICAL APPROACH
A. STUDY PLAN

The purpose of the Part II OTAES study is to provide a clear definition of
the technology development alternatives from which NASA has to choose in ad-
vancing the area of space optics. This includes a definition of the major
factors that will influence these decisions, such as cost, schedules, and
reliability. Furthermore, the recommended OTAES space experiments will

be shown in context with this over-all development plan with sufficient
definition to indicate also the alternatives to implement these experiments.

Much of the basic material required to meet this objective has been generated
during Part I of the OTAES study. What remains is a better definition of the
over-all development plan, definition of cost alternatives, increased defini-
tion of OTAES experiments, and their integration into feasible mission
concepts.

In a program such as OTAES the word 'feasible' warrants much consideration.
Due to the developmental nature of space optics, there is a family of techni-
cal problems that are immensely difficult and have yet to be solved. These
problems range over various levels of integration. For instance, a single
recommended OTAES experiment is addressed to problems primarily at the assembly
level. The implementation of two or more experiments introduces problems
that involve various subsystems such as, for example, power, stabilization,
and data management. The integration of a set of experiments into a single
mission introduces such problems as time phasing, thermal control, manned
operation, volume constraints, weight constraints, and accessibility. The
feasibility of a single experiment, to be adequately assessed, must be considered
through all levels of integration. No one set of problems is independent

of or more important than problems at a different integration level. The
problems associated with integrating large precision optical systems with
space missions, particularly manned missions, have yet to be solved. These
are equally as imposing, difficult, and novel as the set of problems at the
experiment level. One objective of the OTAES Part II study is to provide
NASA with a meaningful assessment of experiment feasibility. This means that
OTAES experiment design alternatives and the necessary data to evaluate these
alternatives will be generated. Again, much of this work has been started
during Part I.

The Part II study is organized into five Tasks. These are shown below and in
Figure 1:

Optical Technology Development Plan

Task 1.0

Task 2.0 OTAES Experiments

Task 3.0 Experiment Integration
Task 4.0 Spacecraft and Subsystems
Task 5.0 Resources Analysis

Each of these tasks is discussed at the sub-task level in the following section.



stup 1aSK. avD oF PART 11
TAsﬁEggﬁgﬁggp“ : SUB-TASK DESCRIPTION EFFOginggggglNG
01 2 3 & 5 6
1.1 OPTICAL TECHNOLOGY NEEDS
1.2 OTPICAL TECHNOLOGY DEVELOPMENT PLAN
2.1 OTAES EXPERIMENTS
2.2 RECOMMENDED EXPERIMENTS REVIEW
3.1 COMPARATIVE RELIABILITY ANALYSIS
3.2 MANNED OPERATION
3.3 GROUND STATION
3.4 MISSION PROFILES
3.5 TELESCOPE CONFIGURATIONS
4.1 SPACECRAFT CONFIGURATION
4.2 CONTROL AND STABILIZATION
4.3 POWER SYSTEMS
4.4 DATA MANAGEMENT
4.5 ENVIRONMENTAL CONTROL SYSTEMS
4.6 CREW ACCESSORIES
4.7 THERMAL CONTROL
4.8 SYSTEMS RELIABILITY, SPECIFICATIONS,
© AND TESTING
5.1 DETAILED PLANS
5.2 MISSION AND SPACECRAFT COST ALTERNATIVES
6.1 PRESENTATION |
6.2 REPORT

Figure 1. Proposed Schedule for Extension of Part II Effort




B. TECHNICAL TASKS
1.0 OPTICAL TECHNOLOGY DEVELOPMENT PLAN

The purpose of this Task is to provide an over-all development plan for space
optics. Recommendation 18 of the OTAES Part I study summary stated, "It

is recommended that an over-all optical technology program plan be explicitly
detailed. This plan should indicate the relationship of space experiments
and related ground-based tests to other programs, including those which

do not include space testing." The purpose of this task is to provide the
framework of such a plan.

This task involves two sub-tasks. The first is the identification of NASA
objectives and needs in space optics through the 1970 decade. The second is

the presentation of a technology development plan to satisfy the needs.

1.1 Major Objectives and Needs

The purpose of this sub-task is to jdentify observational objectives and
otpical technology needs in the four areas of: astronomy, earth remote
sensing, meteorology, and interplanetary missions. The sources for the ob-
jectives are scientific articles, industrial reports from NASA-funded studies,
and reports such as the Woods Hole Summer Study. The result is a list of
scientific observations important for future space science. Included in the
list with each observation are the performance parameters and their value
range. Performance parameters are figures of merit that characterize the
observation. (As an example, take the observation of the sun's quiet corona.
Spectral observations of the quiet corona are important for an understanding
of the chromosphere-corona interface. The performance parameters for the
observation are spectral resolution, spatial resolution, and wavelength. The
required spectral resolution of 103 (A/A)). Some important spectral lines

are those of NeVII (465°A), NeVIII (780°A), and MgIX (368°A). Spatial resolu-
tion of 2 secs of arc is necessary to reveal details of the interface.l)
Figure 2 is an example of information displayed in this format. The values of
the performance parameters determine instrument requirements. The next part
of this sub-task is to determine the capability of present instruments; that
is, the current state of the art. A survey of the state of the art indicates
the areas where technological development should be concentrated.

In Part T of the OTAES study the listing of observations for the four areas
is fairly complete, although continuing study is necessary to keep the in-
formation up to date and to obtain more detail in the areas of meteorology
and earth remote sensing.

A beginning survey of the state of the art was made in Part I using the values
of the performance parameters as a guide. For example, high spectral resolu-
tion (of the order of 103) is a requirement for many space objectives--the

1. Space Research - Directions for the Future, Report of a Study by Space
Science Board, Woods Hole, Mass., 1965, page 210.

5



si9]ouelied 90UBWIOJIIdd PUB UOFIBAISIS]Q TEOTWOUOIISY °T 2an3TJ

spmytuden Sunrwry

*satxeren
TeuIalxy jo sIYS pay pue
‘az1g ‘ssowmyldtag ‘uounqriisig

sa918ap 9 03 g

MITA JO PIdTH

*axaydg
1e13saia) jo depy 3131014431

Kisjouroaajraju] palelyul

nog 03 L°0

+72961 ‘fwouoiisy a8y @dedg , ‘uonyeaissqp IeIAISI

yi3uaiasepy

*saoInog pPaIeIju] I10J Yd1easg

sju] pue Ie][alg, ‘iaqprod T FDYNOS

298 1°0
01
nwgy - YI10°0

uorjnjosay reryedg
uonniosay [e13dadg
y3duaisaem

‘Al ut saurg-

adourUOSaY JO YIPIp Judajeawnby
pue salijoid pue saxnyq [ejol

103 sanjep paaoxdull 13D IITM
*g§9889201d OdlWIS0)) pPueIsSI3puf) oL
*gaouepuUNqy JIWIS0) dUuTWIIISg
‘weaderq Y-H puaiIxy ‘s13ponN
1e1123S [BO2139109Y] 1931399

104 °saelg yo eaydadg AN

*(oraj3swoloyd

pue otdoosex3oadg) ‘yed
A1euominjoay I13Y] purg o3
s19jsnin) Iemqoln jo wexlel(q
y-H saoxdwy o], ‘uornjosay
Y81y uayl ‘uolssiwuy Yl pue

238 1°0 uornjosay ferredg A PUldg 03 s133sny) Ie[nqoin

G01 uorjnjosay [eijosadg dejy ‘Airexidoadg patjissel)

nu ¢ -~ nuwg °Q yjSuaisaem sI®}g JO JI PU® Al 2A19890
‘uoTINIoA

yiSuaresep swiajsAg Aiejrue]d pue Ie[[3)G IO

P 11235 10j

wEOT-10 "0 [ NWE-VT0°0
€01 ° got1

uonnjosay (ea3dadg

gsielg 2adA 1 L1ieqy jo 21qIstA pue
AN ur sydexSojoyd pue eijdadg

g-0T - ¢-01 uoyniosay jeriedg
{(21n3oni3g d13dEIED
jo Apnig o3 juejzodu] - uaBorpAH
298 1°0 uomnjossy (enedg I®[]231S193U] JOo UOWINQIIISIJ PUl g
GOt uoynjosay (ex3dadg o1) usBoaipAy 1e{[235133U JO AUl
V9121 yijduaioaepm uorydiosqy v uerwi ayj jo sayoxd
o

NOILVAYISHO

AONVY dNTVA SYALAWVIVd IONVWNIOIYdd

*9941 Axeniqay ‘sdotsAydorjsy/Awouorlsy ‘IX 31ed ‘g SWNOA ‘weidoid juawriadxy THO :FDUNOS




profile of the Lyman and absorption line of interstellar hydrogen, contours
of stray lines in bright stars, and resonance lines of NI1200°A and Si2515°A,
to name a few. t was clear that present instruments cannot achieve spectral
resolution of 10, For a more detailed study of the state of the art, it is
necessary to first analyze the factors contributing to improvement of spec-
tral resolution., Higher spectral resolution depends on several parameters;
for example, improved pointing accuracy, high resolution diffraction gratings,
and high resolution sensors. It is necessary to analyze the contributions

of these factors in detail by performing an analytical error amalysis. This
analysis then sets the required performance bounds for the contributing
parameters, such as pointing accuracy. Given the state of the art in many
specialized areas, a more explicit program of optical technology develop-
ment is possible. The sources for the state of the art include the sources
for the space objectives and, in addition, NASA and Air Force funded studies
directed specifically to improvement of optical technology (for example,
Technical Operations Corporation of Boston, Massachusetts, is currently

under contract by the Air Force to develop silver Solide emulsion with re-
solutions as great as 500 line pairs/mm.), and experiments for current or
planned balloon, rocket, and spacecraft programs.

The output of this sub-task is the foundation work for the development of
the Major Technology Development Plan, Sub-task 1,2.

1.2 Major Technology Development Plan

The purpose of this sub-task is to develop a major technology plan which
satisfies the needs identified in sub-task 1.1. The technology plan is a
blueprint for the development of optical technology. The plan starts at the
present day with the space objectives and optical technology needs and ends
in the future when the optical technology will be developed to the extent
that it will be possible to achieve the space objectives.

During Part I, planning effort was directed toward a detailed study of each
of the 15 recommended experiments. Emphasis was given to the ground develop-
ment program leading to the OTAES space experiments. For each experiment
there is a detailed prerequisite technology identification and experiment
development schedule. The experiments were then considered in various

groups for integration and candidate mission development. Only preliminary
study was given to the necessary ground development program not associated
with space testing, and very little study was given to the ground develop-
ment program following OTAES space experiments. Some of the post-OTAES
ground program will be a continuance of the purely ground program, some of

it will result from new discoveries, and some will follow and be directly
related to the information gained from OTAES space experiments. During

Part II, information on all of these phases of required development will be
incorporated into a major development plan. Non-OTAES and post-OTAES ground
programs will be developed only to the extent of recognizing major milestones
similar to the level of definition in the Part I prerequisite OTAES technology.



In Part I of the OTAES study, a commonality of optical technology needs was
noted. A commonality of needs implies a commonality of instruments. Since
in many cases the needs and thus the instruments are not too greatly varied,
it is possible to find space goals broad enough so that when it is possible
to achieve these goals it is also possible to fulfill the many other ob-
jectives. Two major goals were selected in Part I, for which first itera-
tion plans were developed. These were a 120-inch aperture Manned Orbiting
Telescope and an Interplanetary Optical Communication System. In Part II
additional goals will be selected (in direct correlation to the more de-
tailed work planned for sub-task 1.1). For example, two possible goals are
an orbiting solar observatory and an earth remote sensing laboratory.

In summary, the Part II effort will include milestone definition of non-

OTAES related ground development programs for several NASA goals. The OTAES
related development will be shown in context with this plan, and the interrela-
tionship between the various development phases will be shown in the form

of constraining factors. Figure 3 is a simplified development program for

an interplanetary optical communication system. Non-OTAES related ground

based testing has not been shown. This will be developed during Part II.

This figure does show the relationship of the OTAES experiments (note OTAES
experiment 1). This relationship is more clearly depicted in Figure 4 in
which the time phasing is shown for the prerequisite technology required

to support OTAES experiment 1, Heterodyne Detection on the Earth. During

Part II this time phasing will be tied into the non-OTAES related development
programs. For example, an output is shown on this figure after ground-
to-ground optical communications system tests to a suggested parallel study
cited as Contract A. Other experiments will have similar inputs to this

same study. This Contract A output will serve as a portion of the prerequisite
technology which precedes the preliminary design of the OTAES experiment.

Again it should be clearly stated that non-OTAES ground programs will involve
only major milestone definition.

The result of Part II will be a detailed survey of the optical technology
needs of the coming space years and an integrated development program that
will indicate an overall direction for NASA planning in optical technology.

2.0 OTAES EXPERIMENTS
A portion of the Part TII study will be increased definition of the recom-
mended OTAES experiments and an investigation for new candidate experiments.

These are the objectives of this Task.

2.1 New Experiment Development

One fundamental objective of the OTAES study was to define, justify, and
conceptually design optical technology experiments to be conducted in earth
orbit. During Part I of this study, fifteen experiments were recommended

as candidate flight experiments. The technology development under considera-
tion during this study covered a broad and diverse spectrum of disciplines.
This fact, coupled with the limited duration of the Part I study, indicates
that a number of candidate experiments might exist which have not yet been
recognized. Therefore, it is proposed that a continuing effort be directed
toward identifying these experiments.

8
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During this study experiments were justified in terms of three criteria.
These were: contribution and need, need for space testing, and feasibility.
New experiments developed during this phase must also meet these criteria.
Those which do, if any, will then be conceptually developed to a level con-
sistent with the integration effort.

During Part I several potential areas from which experiments might evolve
were identified. These areas include far infrared interference spectro-
scopy, ground resolution from earth orbit, space photography, and degrada-
tion of optical materials and coatings. Emphasis during Part II will be
directed toward identifying experiments in these specific technology areas.

2.2 Recommended Experiments Review

Fifteen experiments were developed to the recommended status during Part I.
The level of investigation basically involved two parts: justification, and
conceptual design. During Part II the recommended experiments will be de-
veloped further in both of these areas.

Further justification will be accomplished by directing more effort toward

a quantitative justification of the need for space testing. That is, where
possible, an analytical treatment will be performed which will indicate the
degradation of experimental results when performed on the earth.

Experiment conceptual design will be emphasised further with the intent of
developing five specific areas in greater detail. These are: a review of
design alternatives, development of reliability data, increased definition
of operational procedures, improved definition of supporting technology
development, and the development of preliminary costing data.

During Part I the experiment concepts evolved through several design paths.
It is not obvious that all alternatives were considered. Therefore, an
important part of this sub-task will be to review each experiment to deter-
mine if other attractive design alternatives exist.

An important part of Part II study will be a comparative reliability analysis
of the means for implementing the recommended experiments. In order for

this analysis to be meaningful, reliability data is required for each experi-
ment. Thus an important portion of the Part II experiment review will be

the development of reliability data for the experiment components, sub-
assemblies, and assemblies.

During Part I a rudimentary operational procedure was developed for each
experiment, These were used to develop preliminary time-lines and to

assess the criticality of astronaut participation. During Part II it is
proposed that these operational procedures will be developed in considerably
more detail in order to support not only the time line and criticality analyses,
but also to develop the control and display requirements (sub-task 4.4).

A prerequisite technology digest was developed for each experiment during the
Part I study. The development milestones were identified and scheduled.
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During Part II of the study this prerequisite technology will be given the
next level of definition, which would include cost estimates. This defini-
tion will also include a more precise discussion of the test and development
requirements.

Because the essence of the OTAES program is space experiments, the technology
development plan will centralize the total experiment analysis in one sec-
tion. Not only will the sequential development activities be identified,

but experiment costs will also be derived. The costs of the experiment
sub-systems will be utilized as the estimating base for the projection of in-
dividual experiment costs. These costs will provide the data required to
analyze the economic trade-off alternatives to be performed in the mission
cost alternatives analysis (see sub-task 5.,2). These alternatives will in-
clude key subsystem development alternatives. For example, the Direct Detec-
tion experiment might be accomplished by successive ground and airborne tests
or, alternatively, immediate piggyback orbital testing. Costs are an import-
ant factor in choosing between these alternatives. By marrying the experiment
costs from this section with the supporting spacecraft costs (sub-task 5.1)
the following alternatives can be evaluated in the mission cost analysis
(sub-task 5.2): (a) Experiment costs when flown as individual experiments

in fragmented programs (b) Experiment costs when flown collectively on other
than an OTAES vehicle (c) Experiment costs when flown collectively on any

of the OTAES candidate mission approaches.

The individual experiment cost projections will be founded on a "building
blocks'" approach. This identical approach will be utilized in developing

the supporting spacecraft costs (sub-task 5.1). The basic estimating level

in this analysis will be the sub-system as major assembly. The data collected
at this level will then be summarized at the systems level. Additional in-
formation will then be summarized at the systems level and culminate in summary
at the total individual experiment level. This approach ensures a system

of projections that are comprehensive and consistent with the cost projections
for the supporting spacecraft analysis. The }esulting experiment cost projec-
tions will be utilized further in the mission cost analysis (sub-task 5.2).

In summary, the Recommended Experiments Review sub-task will emphasize the
following areas:

a. quantitative experiment justification
b. design alternatives review

c. reliability data

d. operational procedures

e. prerequisite technology development

f. costs
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3.0 EXPERIMENT INTEGRATION

3.1 Comparative Reliability Analysis

The purpose of this sub-task will be to obtain relative probability of success
measures for the alternate choices of conceptual designs and mission profiles
under consideration. Specific elements of these probability estimates will be
compared with probability estimates for accomplishing the technological
experiment objectives directly as a part of an application development.

Such a comparison will be quantitative where it is possible to make it so.

In this work, reliability will be expressed in terms of the performance of

the experiments. It should be borne in mind that if a component will not function
in space as predicted for some reason, the test may be a success if NASA learns
why it would not work and develops the technology necessary to predict what

will work. It is important, therefore, to distinguish between the success

of the experiment and the success of the component.

Due consideration will be given to the need for backup modes of operation

in order to assure the return of useful technological data. Risk is almost
by definition a part of a technology program because after the risk is removed
the further developmental work becomes usually an applications rather than

a technology program. It is both appropriate and desirable, therefore, to
include in the technology tests elements having substantial uncertainty of
performing as predicted. Under these circumstances it is important that
there should be backup equipment and experiments so arranged that the failure
of one element does not jeopardize success in accomplishing tests of other
elements. The reliability of alternative backup arrangements for grouped
experiments will be compared with the reliability of experiments flown singly.

In providing the backup experiment configurations, the presence of a man

to evaluate test results, even failures, is of great value. Since the objec-
tive is to develop understanding of the technology, it is not enough to

know that a component failed or did not fail; it is necessary to establish
the nature of the failure, the limits of the parameters in which operations
would produce failure, and, hopefully, the limits in which success might

have been achieved. To obtain this kind of information in an unmanned flight
would require the accurate prediction of all failure modes as well as instru-
mentation to detect them.

The effect of man in this context on the reliability will be investigated.
Within this philosophy reliability estimates will be formulated early enough
to influence other tasks during the study.

In performing this sub-task, system and components will be assessed for
relative reliability merits, trade-offs, and indicated modifications. These
analyses will emphasize: (a) space environment effects (radiation, thermal,
vacuum, micrometeoroid), (b) component useful life characteristics (wear
out), (c) parts and materials applications (multi-application reliability),
(d) failure modes and effects (in-flight), (e) failure detection (in-flight),
(f) failure correction, repair, or compensation (in-flight), (g) parts and
circuit or channel redundancy applications and trade-offs.
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Reliability assessment may be described as the determination of the following
probabilities: (a) the probability of malfunction of any mission-critical
equipment during countdown, boost, and orbital operations over a two-year
period, (b) the probability of malfunctions causing specific functions to
fail, specific experiments to fail, false failure indications, and two or
more parts (functions) to fail, (c) the conditional probabilities (given

a malfunction has occurred) of failure detection, failure correction (or
compensation), other component damage, experiment failure, or mission failure.

This reliability assessment will be based on the application of the Chrysler
simulation model SDS-902, "Reliability Model Design Standard' for determining
system reliability.

By implication, the computer will receive information about conditions that
would cause a spacecraft malfunction. Thus, from a simulated part failure,

the computer could trace the effects of the malfunction down through the
system, list all intermediate effects, take into account the time-of-flight
effects, and ultimately assess the final effect on the spacecraft., The computer
can trace back from an effect to a part failure or even to several simultaneous
part failures. In addition to providing a means of calculating reliability,
the CCSD computational model provides an automatic failure effects analysis,
reliability as a function of flight time, probable failure modes, probable

time to failure, an easy means of evaluating design changes, and the priority
of testing.

Maximization of system effectiveness will be approached from alternate solution
evaluations in the area of preferred sequencing of experiments, and in the
area of reliability implications of telescope/experiment assignments.

Preferred sequencing of experiments will result from the modeling of mal-
function-decision cycles. Figure 5 illustrates a typical computer malfunc-
tion-decision cycle which would be used to analyze this sequence of events,

For example, the first junction in the cycle could be a decision to "repair".
The computer will proceed throuh the repair cycle and then move to a new
sequence of experiments after a favorable checkout has been achieved. Figure

6 demonstrates how data from the computer simulation may be analyzed. Here,
particular sequences are compared in order to determine which provides the
highest cumulative expected value for achieving a percentage of events. 'Expected
value' is defined as the inherent scientific value of the events at expressed
numerically and multiplied by the estimated probability of achieving the

event. For this hypothetical case, sequence 15 provides the highest cumulative
value throughout the first 25 per cent of the events. Sequence 16 provides

the highest final cumulative value for the first 50 per cent of the events
achieved. However, mission success might require 100 per cent of e events
achieved. This would make sequence 17, which provides highest final value

for 100 per cent of the events, the optimum sequence.
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Thus far in this study, experiments have been arranged into groups subject
to compatibility requirements from the standpoint of manning requirements,
orbital requirements, and equipment commonality. In this portion of the
study, the effect on the overall experiment group success probabilities
will be assessed to determine the influence of the addition or exclusion of
the individual experiments relative to a particular group. This analysis
may dictate some redundant experiment components in order to meet overall
system performance requirements.

The third reliability evaluation area involves system parameter selections
in terms of subsystem alternatives and in terms of mission profile
alternatives.

For example, the spaceborne laser transmitter wavelength will depend on the
performance of available lasers. Heterodyne detection systems operating

at 0.488 microns would require use of a spaceborne argon laser. The high
output power capability of argon lasers make them attractive. However, in
addition to their high threshold power, argon lasers currently have more
failure modes and lower reliability figures than Helium-Neon lasers.

3.2 Manned Operations

Flight crew involvement will be critical to the operational success or fail-
ure of many OTAES spacecraft stationkeeping, crew sustenance, and experiment
instrumentation systems. In this connection, a synthesis effort will be
performed of manned OTAES stationkeeping and experiment functions. These
functions (concurrent, sequential, and interrelated) will be integrated into

a crew activity time line, which will include intravehicular and extravehicular
crew performance, workload availability, timesharing, and changeover. The
activity time line will also be detailed enough to serve as a basis for prelim-
inary spacecraft system functional specifications.

One fundamental objective of this task will be to assess the criticality

of manned operations. Much of this was done during Part I; however, a con-
tinued analysis of task alternatives is necessary to determine the full extent
of manned participation. This effort is closely coordinated with the operational
analysis for each experiment in sub-task 2.2. This evaluation of manned
operations has a direct bearing on the mode of operation and hence on the
design approach of any particular experiment. For instance, the choice of
shirt sleeve versus EVA operation will influence the conceptual configurations
as in the case of the interferometer. Often this choice is influenced by

other subsystem factors. For example, shirt sleeve accessibility to telescopes
could effect contamination (ECS) and thermal balance (Thermal Control). This
approach must also provide data to determine whether the human function places
constraints upon experiment operations, such as inducing motions which can
degrade OTAES fine pointing experiments. A disturbance analysis (sub-task

4.2) is required. In this regard, body segment motions, associated with
representative human functions, will be specified to support this disturbances
analysis. The body segments under consideration will include the head, upper
torso, lower torso, arms, forearms, hands, thighs, legs, and feet., The body
segment motions will be described notationally, utilizing a tri-planar 360°
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angular coordinate reference system.(l) (2) Figure 7 illustrates, as an
example, a crewman's arm motion, occurring during a proposed 12-hour periodic
environmental control system CO, absorber filter replacement within the Apollo
Command Module. The notations in the illustration, such as "FEV 100°", refer
to the plane or planes in which the motion occurs (frontal, sagittal or trans-
versal) direction and extent of the motion, and the type of motion (vection,
rotation or torsion).

3.3 Ground Stations

The purpose of this sub-task will be to assess the OTAES ground station re-
quirements in terms of mission performance, operational complexities, development
time and technological risks, and reliability. A conceptual design will

be presented including subsystems and operational instrumentation, power

profile, communications, data handling, and transmission systems.

OTAES ground station requirements will be analyzed to: (a) formulate the
station operations and integration concept, (b) define data processing re-
quirements, (c) define the RF command and telemetry link requirements. Param-—
etric OTAES ground station requirements will be compared with existing tracking
systems and spaceground systems. These requirements will principally derive
from the specialized optical ground equipment and the RF tracking system
required to acquire the satellite and provide coarse pointing information

to assist ground laser acquisition.

Performance of this sub-task will include: (a) specification of required
modifications to ground systems, (b) the conceptual design of the display
and control area, (c) changeover procedures from OTAES ground station to
ground station and command and control procedures, and (d) integration of
the radio frequency and optical links.

3.4 Mission Profiles

During Part I of this study many candidate missions were parametrically analyzed.
As a result of this analysis, four missions were recommended for implementation
of the OTAES experimental program., The purpose of this sub-task is to define
these missions in more detail, evaluate each relative to the others, and

define the orbital and launch operations associated with each. The individual
sub~tasks are briefly described below.

(1) Roebuck, J. A., Kinesiology in Engineering, Paper presented at Kinesiology
Council Convention, American Association for Health, Physical Education
and Recreation, March 21, 1966.

(2) Molesko, N. M., A Collection of Papers on Space Suits and Human Perform-

ance, Chrysler Corporation Space Division, REL-HFG-65-1, N66-17386,
August 16, 1965, p. 10-1.
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BODY SEGMENT MOVEMENT

HUMAN FUNCTION RIGHT ARM RIGHT FOREARM RIGHT HAND

MOTION FORCE MOTION FORCE MOT ION FORCE

Step Activity: Periodic environmental con-
trol system COy absorber
filter removal from storage.
Crewman in constant wear
garment and sandals under
shirtsleeve conditions,

6 Position tool in first camlock connector
on CO, filter storage container lid
FEV
Forearm/hand motion 100°
TIV
Upper arm/forearm/hand motion 30°
FEV
Upper arm/forearm/hand motion 80°
Upper arm/forearm/hand motion :(I)!
Upper arm/foreman/hand motion 2:([)‘:
7 Rotate open first camlock connector
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nector on COp filter storage container 1lid.
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SIT = SAG - IN - VECTION
FIV = FRONT - IN - VECTION

Figure 7. Crew Function and Associated Body Segment Movements
During a Proposed OTAES Mission
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3.4.1 Mission Evaluation

It is the purpose of this sub-task to perform preliminary trade-off analyses

and over-all evaluation from which preferred rankings of the missions can

be determined. Mostly, this will involve qualitative analysis based on results
from other task areas, including costs, reliability, fulfillment of the scientific
objectives, and optimum use of man.

3.4.2 Environmental Definition

During Part I of this study, many parametric studies of the space environ-
ment were made. It is the purpose of this sub-task to define in detail and
catalog for each of the missions those environmental parameters which have
bearing on performance of the experiments and manned operations. This in-
cludes radiation, day/night profiles, occultation of experiment field of view,
and slew and range rates for the earth-oriented experiments.

3.4.3 Orbital Operations

The purpose of this sub-task is to derive, describe, and tabulate all operational
modes from orbit injection to mission completion. This will include sequence

of events description with each major event marked and approximate times given.
This will be done for each of the recommended missions.

The results of this task will include a detailed description of solar acquisition,
microwave acquisition, ground station acquisition, star acquisition, rendezvous,
docking, equipment deployment, and stationkeeping events, where applicable,

for each of the four missions,

3.4.4 Launch Operations

The purpose of this sub-task is to determine and record the launch require-
ments and boost sequence for each of the four recommended missions. Gener-
ally, this information is available and the effort here will involve collecting

the data and integrating it with the other mission information.

3.5 Telescope Configurations

The feasibility of certain groups of experiments is critically dependent on
detailed integration of the experiments and their supporting subsystems into

the spacecraft. The first level of integration involves the definition of

the experiments in context with the telescope concepts. This requires that

the telescope optical design, structural support design, and telescope subsystem
requirements be conceptually designed. The purpose of this sub-task is to
define these elements in more detail and integrate the experiments into these
concepts,
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The increased emphasis on experiment definition, justification, subsystem
requirements, and design will have a significant impact on the telescope con-
figurations. The telescope configuration tasks will parallel the experiment
efforts and will insure complete integration of the latest experiment informationm.
The four recommended telescope configurations presented in Part I will serve

as a foundation for the continuing effort in this phase. Figure 8 is an

example of one of these configurationms.

The telescope configuration design effort can be divided into four parts;
these are the telescope optical equipment and related subsystems, thermal
control and stabilization and control analyses, experiment equipment inte-
gration with mounting requirements, and supporting structures and mechanisms,
(hatches, baffles, telescope wells, gimbals, and launch support systems).

The optical equipment and related subsystems to be conceptually designed in

this phase are the primary mirror with its supports, the secondary mirror,

which includes material selection and mirror mounting and alignment requirements.
The optical support structure must be conceptually designed for rigidity

along with dynamic and thermal stability. The optical elements must be selected
so as to satisfy the requirements of the appropriate experiments. This must

be done by mating the requirements of the Fine Guidance Experiment, for example,
with the requirements of the Stellar Interferometer Experiment. Analyses

must be developed to determine the effect of launch loads on the mirror surfaces.

A preliminary thermal analysis will be conducted to ensure that the mirror

figure and alignment will not be degraded by thermal distortion. The sta-
bilization and control of the telescopes, independent of the Isolation Comparison
Experiment, will be defined, and analyses will be performed to determine actuators,
slew rate requirements, vibration tolerances, control signals, total movements
required, and integration with the experiment control requirements.

The third area of interest in this phase is to integrate the experiment equipment
and to satisfy all experimental equipment environment requirements. Preliminary
layout work will be improved to reflect refinement in experiment equipment.
Mounting criteria will be firmed and an optical bench will be designed to

provide proper alignment and placement of equipment.

The structure that maintains alignment of the 0.3 m telescope with the 1.0
m telescope to which it is attached is a critical area that requires more
detailed analyses. Stress analysis, dynamics analysis, and thermal analysis
will be performed to ensure that alignment tolerances are maintained. The
elimination or addition of experiments to the existing telescope configura-
tions will be incorporated. This will include a new configuration develop-
ment of the Fine Guidance, Stellar Interferometer, Segmented Optics, and
Isolation Comparison telescope to reflect the elimination of the Stellar

Interferometer experiment from two configurations using the above-mentioned
telescope.

The experiment telescopes have many supporting systems, which are developed

in separate areas that have to be incorporated into the telescope configura-
tion. These systems include baffles, hatches, telescope wells with access
requirements, gimbals, launch support structure, and the mechanical, structural,
and electrical interfaces with the spacecraft.
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4,0 SPACECRAFT AND SUBSYSTEMS

OTAES experiment implementation as defined in Tasks 2.0 and 3.0 will require
supporting spacecraft and subsystems. The integration of experiment groups
into spacecraft introduces a variety of technical problems and trade-offs
which have direct bearing on both the experiment design and its feasibility
of implementation. For that reason conceptual spacecraft and subsystems were
developed from which the experiments would be performed. This then allows
for investigation of critical technical problems which have a substantial
bearing on the experiments., For instance, simulation of the control and
stabilization capability for the fine guidance and precision tracking ex-
periments requires definition of spacecraft mass properties. Similarly a
meaningful thermal analysis of telescope configurations requires a definition
of the surrounding well configuration as well as heat-producing components.
Such information is generated in this Task.

4,1 Spacecraft Conceptual Configurations

The spacecraft concepts developed in Part I of the OTAES study were essential
in determining the feasibility of experiment implementation. Various alterna-
tives among these concepts were presented as a result of an extensive evalua-
tion of different experiment groups and mission profiles.

The experiments, and related grouping concepts that evolved through analysis
as being justified for testing in space, become the heart of the OTAES space-
craft. Four spacecraft concepts were presented as a result of the Part I
study. One of these concepts (depicted in Figure 9) is designed to fulfill
all presently active OTAES experiments., This configuration makes use of
existing Apollo hardware. This will be a definite advantage for early time
frame launch considerations.

As OTAES missions are developed further in Part II of the study, and a more
detailed integration of experiments is achieved, all experiment and spacecraft
subsystems such as environmental control, power, thermal, stabilization and
control, communication and data handling, and crew accessories will be con-
ceptually designed.

This study will also include the results of the mass properties of the selected
concepts as well as the dynamic response analysis of the integrated experi-
ment telescopes. The interfaces between all subsystems and spacecraft struc-
ture will be defined. Conceptual details of all spacecraft and experiment
mechanisms such as appendage releases, Solar panel drives, hatches and crew
accessories will be presented.

4.1.1 Spacecraft Conceptual Designs

The spacecraft concepts presented in the Part I final report will receive con-
siderably more depth of study as Part II of the program progresses. This will
then give sufficient information to evaluate competing approaches to perform-
ing OTAES experiments. These configurations will be developed with more
structural detail in addition to detailed subsystem definition. As the OTAES
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mission becomes more definitive, the environmental control systems, for ex-

ample, will be studied for compatibility with the mission. The results will
be integrated into conceptual designs of the necessary ECS hardware, which,

in turn, will affect the over-all spacecraft configuration.

Another area which will receive effort will be in the area of solar paddle
configuration, location and orientation. Spacecraft shadowing studies will
be performed to insure that the utilization of paddle area is realistically
established.

4.1.,2 Structural and Mechanical Design

The operating requirements of the laser telescopes impose very stringent re-
quirements on the optical alignment integrity. It is essential that the ex-
periment optical components, as well as one telescope to the other, maintain
precise alignment. The structural areas interfacing the experiment components
and telescopes will be conceptually designed and analyzed to determine if

the proposed techniques are feasible for maintaining the required optical
alignment.

The necessary mechanical conceptual designs in support of the various experi-
ments and spacecraft subsystems will also be a part of this Task. These de-
signs are necessary, for example, in order to support the task concerned with
spacecraft stabilization and control.

Pressurized spacecraft concepts will require further development of the various
hatch designs presented in Part I of this study.

The Solar paddles required will receive more attention in the areas of deploy-
ment and release mechanisms. Since the requirement exists for continuous
Solar orientation of the paddles on some configurations, drive mechanisms for
performing this function will also be investigated.

4.1,3 Mass Properties, Stress and Loads Analysis

The mass properties output will consist of spacecraft moments of inertia about
the pitch, yaw, and roll axes, the total weight, and the center of gravity
about three axis. The output of this task will allow for further simulation
of the control and stabilization systems supporting the fine guidance and
precision tracking experiments, This information will also be used in the
mission analyses task to insure, among other things, vehicle compatibility,

The stress and thermal stress analyses will include a review of all materials
used in the spacecraft for compatibility with the loads and space environment.

Inputs to this task will be derived from the thermal analysis and conceptual
design drawings.

In order to enable assessment of the feasibility of the structural system and
to obtain an estimation of the structural weight, a stress analysis will be
performed on all structural components in the spacecraft that are subject to
launch loads. All pressurized portions of the spacecraft will be analyzed
for external or internal pressurization. The deformations of all deflection
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limited components, such as optical devices or structures supporting optical
devices which deflect under thermal gradients, will be calculated,

All structures will be made resistant to the effects of space radiation, hard
vacuum conditions, and micrometeorite impingement. Launch and orbital docking

loads on the spacecraft will be defined during this part of the study.

4.2 Control and Stabilization

It has been shown in Part I of this study that telescope stability is a cri-
tical area for many of the experiments. Further, it has been shown that
telescope stability is critically dependent on the total spacecraft environ-
ment and that the telescope control systems, the spacecraft control system,
and the fine guidance loops are interdependent. And while it has been shown
that the experiments taken individually are feasible, it has not been proved
that this is true when they are taken as groups and integrated into the space-
craft, It is the purpose of this sub-task to synthesize a spacecraft control
and stabilization subsystem and do those analyses required to show that, from
the standpoint of telescope stability, the experiments are in fact feasible,
The individual sub-tasks required to do this are defined below,

4.2.1 Experimental Requirements Analysis

Generally, the experiments are defined in enough depth to allow the control
and stabilization requirements to be determined. Therefore, this sub-task
will consist largely in compiling, categorizing and interpreting these require-
ments, with some further amalytical work to be done in particular areas. For
example, several experiments, including the Stellar Interferometry experiment,
will be performed on the fine guidance telescope. The pointing requirements
for this telescope have been determined, and so have the requirements it im-
poses on the spacecraft stabilization and control subsystem, However, a
detailed analysis of the effect of telescope support acceleration on the
stability of the interferometric booms may show that spacecraft attitude
motion requirements during the interferometer experiment need be tightened.

4.2.2 Subsystems Requirements Analysis

The communications and power subsystems impose requirements on the control and
stabilization subsystem. Generally, these requirements are known, The pur-
pose of this sub-task is to determine the extent to which these requirements
can be reconciled to the experimental requirements, and to do a trade-off
analysis in the power area to determine the weight penalty and effect on space-
craft stability of orienting the solar panels as a function of time to maximize
the power output.

4.2.3 Stationkeeping and Orbital Operations Requirements
One function of the control and stabilization subsystem is to provide station-
keeping for those missions requiring it, Also, certain orbital operations

such as acquisition and docking maneuvers will impose attitude control re-
quirements, The purpose of this sub-task is to determine for each of the
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candidate missions the stationkeeping requirements in terms of fuel consump-
tion, synthesize a program for effecting the orbit maintenance impulses, de-
termine the attitude control requirements during each operational phase of the
mission, choose a control technique to effect these requirements, and do those
analyses required to determine weight penalty associated with each phase.

4,2.4 Momentum Handling Requirements

Several parametric studies to determine external torques and the long term
and periodic momentum handling requirements associated with these torques
were performed in Part I of this study. The purpose of this sub-task is to
compile, for each of the missions, detailed specifications on these
requirements,

4.2,5 Control System Synthesis

The purpose of this sub-task is to synthesize an economical (in terms of
weight and power) and reliable stabilization and control subsystem to meet the
requirements established in the sub-tasks discussed above., Much of the analy-
sis required to do this has already been performed in Part I of the study.
Sensors, for example, have been chosen for a baseline configuration. An actua-
tor system, consisting of a two-axis gyro for pitch and yaw and a single-axis
gyro for roll control, has been tentatively chosen, However, experimental
requirements as currently defined indicate the use of single-axis control
gyros, at least for some of the missions. Further analysis will be performed
as required to choose actuators for each mission studied in Part II. For ex-
ample, detailed vibrational analyses may show that the vibration environment
associated with high-speed control gyros cannot be tolerated in the optics.

If so, reaction wheels would be indicated, which would have important implica-
tions in several trade-off areas, as trade-off analyses previously made for
control gyros will not hold for reaction wheels.,

The reaction-jet system will be synthesized, based on the stationkeeping,
orbital maneuvering, and momentum expulsion requirements. Some of the space-
craft to be studied already incorporate reaction-jet systems. For these, the
objective will be to determine the modifications that are required. This has
been done, for example, for a baseline configuration during Part I of the
study. During Part II an RLS subsystem will be synthesized for every mission
that is defined.

The control system as a whole will be synthesized by integrating the reaction
jet system with the momentum expulsion system and establishing the interface
between the experiment telescopes and the spacecraft stabilization and control

subsystem, A technique for unloading the momentum storage system will be
synthesized,

Power, weight, and size will be determined for the stabilization and control
components and detailed for each of the defined missions.

28




4.,2.6 Control System Analysis

The purpose of this sub-task is to do those analyses required to verify per-
formance of the over-all control system during each operational mode. To do
this, hand calculations, digital root-locus routines, and analog simulation
will be used,

Generally, detailed analysis and simulation will be performed for only one
typical mission, Hand calculations to derive gain and control bandwidth re-
quirements and to establish compensation requirements will be performed for
each mission that is defined.

4,3 Power System

During Part I competing power generation systems were evaluated for OTAES con-
figurations. As a result, solar cell arrays were recommended as the preferred
system, In Part II solar cell arrays will be analyzed in sufficient depth to
analyze various experiment sequences in each of the mission profiles developed
in sub-task 3,4, To do so, the load profiles will be updated by adjusting ex-
periment and spacecraft power requirements in conjunction with those missions.

4,3.1 Solar Cell Array Analysis

One objective of this sub-task will be to consider the radiation, meteoroid,
and thermal enviromment of each of the recommended missions and relate the
environment to performance degradations in the power system.,

Another area to be investigated in this sub-task is the effect of shadowing of
the panels by the spacecraft or the panels themselves. Among the factors that
will be considered in this study are: orbit position, orbit inclinations,
panel location, and array type and size.

An important part of this effort will be the interface analysis. Among the
interface areas to be analyzed in this sub-task are: the interface between
the power system and the experiments, the structure connecting the panels with
the spacecraft, the deployment and orientation mechanisms, and the effect of
orienting the panels on attitude control, Extremely close coordination will
be required between this sub-task and the other spacecraft and experiment
tasks,

The major part of this activity will be devoted to the interface between the
power system and the experiments,., This interface, at the telescope gimbals,
has the objective of evolving techniques to get power into the telescopes
without transmitting disturbances to the telescope., The results of this
analysis will also assist the data handling task since the information flow
from the wells is quite similar to the power flow into them.

4.3.2 Power Conditioning and Distribution Analysis

The purpose of this effort will be to define the optimum power distribution
network, at the block diagram level, on the basis of the power characteristics
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required, the physical location of power-using equipment, and the reliability
and performance characteristics of the various conversion equipment and de-
sign approaches.

Three types of distribution networks will be considered. These are: central-
ized dc, decentralized dc, and hybrid ac/dc systems., The various attributes
of each will be compared and, based upon the results, a single concept recom-
mended for future study. Also included in this sub-task will be conceptual
design of the controls for the power systems,

4.,3.3 Secondary Battery Analysis

Consideration will be given to the secondary batteries required for shadow

time operation and for peak power demands. The various types of batteries

will be analyzed and preliminary requirements established for the most appropri-

ate type.

Also, the various battery charging methods will be compared and a single ap-
proach will then be conceptually designed to the block diagram level.

4.4 Data Management

The OTAES spacecraft communication and data handling requirements will be de-
signed to the subsystem level. The results of these concepts will include:
(a) diagrams showing all subsystems and their functional interconnections,
(b) lists itemizing each subsystem according to function, operational mode,
weight, volume, and power requirements, (c) lists showing performance goals,
and (d) all pertinent substantiating data showing how these results were
obtained.

An analysis of the experiment data requirements will be made to ensure that a
real need for the proposed data format does exist. The data bit rate versus
experiment time line operation will be analyzed and adjusted to ensure that
undesirable peak bit rates do not exist,

A data management functional analysis will be performed for the purpose of
defining the manned spacecraft console in consonance with crew accessories

requirements,

4.5 Environmental Control Systems

A continued effort is required to analyze the ECS requirements for all OTAES
conceptual spacecraft designs. Preliminary specifications will be outlined to
be compatible with the results of AAP ECS studies being performed in separate
studies, Trade-off areas will be treated so as to minimize or eliminate any
major system differences. It is conceivable that some OTAES spacecrafts will
require large volume shirt sleeve environments, State of the art of ECS will
be closely monitored to ensure that recommended spacecrafts and ECS are com-
patible with the appropriate time frames.
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An important problem introduced at this level of integration is the contamina-
tion of optical surfaces due to reaction jets, oil and particles in the cabin
atmosphere, etc. The fundamental objective of this sub-task will be to
estimate the possible extent of contamination and to identify control techni-
ques to prevent such contamination. This naturally leads to a number of trade-
off decisions, such as manned accessibility versus primary mirror contamina-
tion, thruster location, thruster on-off times, etc. Preferred solutions to
these trade-offs will be recommended for experimental investigation where
appropriate.

4.6 Crew Accessories

The crew's contribution and participation during intravehicular and extra-
vehicular flight control and experiment activities will be treated in the con-
ceptual designing of OTAES spacecraft systems, It is currently conceived that
the flight crew will be performing OTAES mission activities under shirt sleeve,
vented, and pressurized spacesuit conditions., Specification of these activities
will be developed as a contractual task relating to manned operations (sub-

task 3.2). The crew's activities will be programmed at maneuvering, anchoring
and body restraint, work production, observation, experimentation, and egress/
ingress statiomns.

Since the feasibility of a crew's performance at these stations is inter-
dependent upon the OTAES spacecraft subsystem configurations and crew
accessories, one of the contractual tasks will be to determine requirements
for crew accessories. Crew accessories under consideration will comprise,

but not be limited to, the following: restraint and containment devices,
manual tools, EVA tethering and propulsion devices, lighting provisions,
viewing ports, egress/ingress hatches, portable eyepieces, spacesuits and con-
stant wear garments, and flight kit information assemblies.

4.7 Thermal Control

The recommended OTAES experiments establish tight thermal requirements upon
the thermal control system. The failure to meet these requirements will
seriously degrade experiment performance, if not cause a complete failure.
Therefore, a critical technical area that must be analyzed as soon as meaning-
ful data can be developed is the thermal control of the integrated experiments,
To be meaningful, the analysis must include as many aspects of the entire sys-
tem as is reasonable.

During Part I the spacecraft was simplified into a cylinder, and analyzed in
low earth orbit and synchronous orbit, with various inclinations, and assumed
various absorptivity and emissivity coefficients, skin thicknesses, and other
factors, By modifying many variables it was possible to gain some understand-
ing of the problem. Later efforts considered one typical configuration in a
synchronous orbit, and were concerned with a much more complete thermal analy-
sis of the outer skin temperatures, the active temperature control techniques
on optical telescopes, the passive and active dissipation of mechanical and
electrical equipment heat, cabin air conditioning, the selection of optimum
mosaic~type surface coatings for proper thermal control on the outside of the
vehicle, and insulation techniques.
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During Part II each recommended experiment package will be analyzed in conjunc-
tion with a selected spacecraft configuration, in a selected orbit, with heat
loads as generated by the sun, the earth, man, and equipment. Through active
and passive techniques of thermal control will be studied, attention will be
given to determining the adequacy of passive techniques. Special attention
will be directed to defining the problems associated with maintaining thermal
tolerances on the laser telescopes.

4.8 Systems Reliability, Specifications, and Testing

Past experience at Chrysler in large launch vehicle and spacecraft programs
has revealed the necessity for investigating component specifications and
reliability at the conceptual level. This material is required to support
various sub-tasks. For instance a meaningful comparative reliability analysis
(sub-task 3.1) requires knowledge of component reliability. If such informa-
tion is not available, then this must be known. One portion of this sub-task
output will be to provide this component information.

A complete list of expected experiment and spacecraft components will be made.
It will indicate the required reliability, operating and test specificationms,
and component physical characteristics.

In addition to the component test program requirements, subsystem, and space-
craft test requirements will be outlined during this phase of the study. This
information will be used to develop the test plan which is described in Task
5.0.

Figure 10 illustrates an example of a part of the output from this Task.
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5.0 RESOURCES ANALYSIS

The purpose of resources analysis is to relate the demands of the total OTAES
system to the resources available, and to ensure the most efficient use of
these resources. There will be two areas of analysis: (a) analysis and pre-
paration of detailed experiment support plans, and (b) analyses of mission
cost alternatives. The individual experiment development and cost analysis is
performed in sub-task 2.2. To provide total visibility of a complete opera-
tional program, supporting spacecraft plans must be developed. Sub-task 5.1
includes supporting spacecraft analysis only. The cost information from
these two sub-tasks (2.2 and 5.1) is used in sub-task 5.2 Mission Cost
Analysis to develop the costs of various alternatives to experiment
implementation.

With reference to configured spacecraft hardware and experiment items, this
analysis primarily spans the time from the hardware detail design function of
NASA Phase "C" to the operational flight capability (launch of the first opera-
tional flight article) in NASA Phase "D." All costs, schedules, and manloading
projections, except where specifically noted, are estimations only of this seg-
ment of the total program cycle. Facts or figures of other segments of the
total program cycle may be included at times for the purpose of clarity or
continuity. All estimates will be in accordance with the guidelines esta-
blished in NASA PHASED PROJECT PLANNING,

5.1 Detailed Plans

Six preliminary plans will be developed during OTAES Part II. Each of these
is discussed in the following sub-sections. A "most typical spacecraft con-
cept configuration evolved from the four concept configurations presented in
the Phase I extension will be used as the estimating base. Only spacecraft
hardware items will be analyzed and estimated, All OTAES program elements,
i.e., financial, administrative, engineering, manufacturing, and test, will
be considered in a system structure and framework of commonality.

In the development of mission system concepts, the complexities far outweigh
the system commonalities and thus any attempt to extrapolate the total cost
of an advanced mission system from the total cost of a previously developed
system is unrealistic. At best, the estimation would be extremely gross and
the associated confidence factor quite low.

To ensure a system of plans that are optimum in consistency and comprehensi-
bility, they will be founded on a "building blocks" approach, In this
approach a work breakdown structure of the total program to be analyzed is
developed. The task is broken down into successively more simple elements,
which then can be estimated with a high degree of confidence. The basic
estimating level in this analysis will be the subsystem or major assembly,
The information collected at this level will then be summarized at the next
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higher level, that is, the systems level, Additional information will be
collected at the systems level and culminate in the summary at the totally
integrated OTAES level.

5.,1.1 Preliminary Design Plan

The scope of this plan shall include experiment supporting spacecraft sub-
systems or major assemblies to be designed, the plan and approach considered
most appropriate, the time estimated for this task, and also manpower and cost
estimates to accomplish the same task, The plan will further include the
following as applicable: (a) development of mockup and breadboard articles
in the development process, (b) planning, design and construction of required
facilities, (c) production of both test qualification articles, (d) design
and procurement of manufacturing tooling, (e) design and procurement of
special test and checkout equipment, (f) procurement of long lead time items,
(g) design, fabrication, and assembly of flight article hardware, and (h)
qualification and reliability planning and testing.

5.1.2 Preliminary Manufacturing Plan

This plan has been deleted per prior NASA direction. In order to round out
the other plans requiring manufacturing inputs, gross estimates only will be
used.

5.1.3 Preliminary Test Plan

The scope of this plan shall include the following as applicable: (a) space-
craft integrated system as well as major subsystems testing (all experiment
testing will be performed in sub-task 2.0), (b) requirements as to the number
of qualification test models "boilerplate,'" etc., (c) test and checkout equip-
ment requirements, (d) estimates of the complexity of the tests to be per-
formed, (e) schedules for the performance, evaluation, and reports for the
testing function, (£) costs of testing, materials, equipment, documentation,
etc,, and (g) manloading requirements to support the effort,

5.1.4 Preliminary Facilities Plan

The scope of this plan shall include the identification of new facilities or
modification to existing facilities required for the OTAES program. Each new
facility and/or modification effort will include a short narrative as to
facility description, intended use, recommended site location, and time and
cost estimates for the design, erection and checkout of the facility. Separate
cost and schedule sheets will be prepared if several promising facility alter-
natives develop.

5.1.5 Preliminary Cost Plan
The scope of this plan shall include the total experiment supporting spacecraft

costs for the design, manufacture, and test and systems integration functionms.
Total facilities costs will also be included. Data for the design and test
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function estimates will be gathered from each respective plan. The manufac-
turing cost estimate will be more approximate than those compiled for the design
and test functions. Development costs will be broken down to the assemblies

and systems level as applicable for sparate end item visibility,

5.1.6 Preliminary Schedule Plan

This plan will contain summarized schedules of the plans, and will present the
major milestones to be accomplished.

5.2 Mission Cost Alternatives

5.2.1 Discussion

The primary purpose of a mission cost analysis is to ensure proper mission
optimization through a logical cost trade-off program. To avoid arbitrary
design and other engineering decisions, it is necessary that the cost trade-
off analyses begin simultaneously with the identification of the mission
objectivies. The cost trade-offs will be developed to a level consistent with
available information. It is intended that this material be developed to the
point of supporting design choices and decisions in subsequent phases of the
study.

The mission cost analysis utilizes the basic cost information provided for the
experiments (sub-task 2,0) and for the supporting spacecraft (sub-task 5.1) as
the total base from which to trade-off mission cost alternatives. This analy-
sis will provide a total view for comparison of the various economic mission
alternatives. These are: (a) The cost of individually flown experiments;

(b) The cost of experiments flown collectively on an other than OTAES vehicle;
(c) The cost of experiments performed on the OTAES candidate mission approaches.

The four OTAES mission candidate approaches are: (a) Approach I: synchronous
manned mission, (b) Approach 1I: synchronous ummanned mission, (c) Approach
ITI: dual mission, synchronous unmanned and low earth orbit manned, (d) Ap-
proach IV: 1low earth orbit manned mission.

5.2.2 Analytical Elements and Derivation of Cost-Alternative Relationships

Although most of the cost of any operational program is centered within the
spacecraft, in this case emphasis is given to the experiments even though they
do not have an appreciable effect as far as hardware dollars but, nevertheless,
do dictate the most optimum spacecraft configuration., Furthermore, the dollar
amounts required to advance the technology state-of-the-art through prerequisite
research and development has a tremendous impact on the total program. Space-
craft cost-estimating relationships will be analyzed in a supporting role to

the experiments,

36




Estimating relationships having been derived, the recurring production cost,
as applicable, and engineering hours for each subsystem can be applied to each
spacecraft. The spacecraft recurring and nonrecurring cost elements can then
be grossly tabulated. Design and development engineering and development
support can be derived as a function of the summation of all subsystem engi-
neering hours required. The remaining nonrecurring items are derived from

the consideration of the spacecraft as a whole in relationship to the other
elements of the mission. (See Figure 11.)
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EXECUTIVE SUMMARY
THE OPTICAL TECHNOLOGY APOLLO EXTENSION SYSTEM

I. INTRODUCTION

It is widely accepted that large manned orbiting telescopes and scientific data gather-
ing instruments must be launched into space for the United States to be able to retain
or establish its scientific lead in the areas of astronomy; Earth remote sensing for
resources conservation to better man’s existence; weather prediction for his safety
and convenience; and further manned space exploration to whet his appetite for know -
ledge of the origin and nature of the Earth, the sun, the stars, and the universe. In
addition to these optical systems, a means must be found to return this information to
the Earth at high data rates from long distances in space. It is further recognized by
NASA, U.S. industry, and the scientific community that the technology plateaus in
these fields are not advanced enough today to assure the Government of an orderly,
efficient, reliable, and successful accomplishment of these goals in the near future no
matter what shortcuts are taken or “brute force’” methods are used.

NASA and more specifically the Office of Advanced Research and Technology has recog-
nized this technological gap in optical systems early enough to institute significant de-
velopment plans to reach those critical technology plateaus in a timely and expeditious
manner. Of these technological development programs, as numerous and varied as
they are, the Optical Technology Apollo Extension System is the most significant due

to its comprehensiveness in identifying the many facets of this complex undertaking.

The scientific potential of optical instruments operating in Earth-orbit above the at-
mosphere is generally recognized. Were it possible today to orbit and operate large
telescopes to fully realize this potential, the scientific returns would be immediate and
spectacular, Not only astronomy, but a whole spectrum of scientific disciplines ranging
from optical communications to planetology require telescopes with such advanced
characteristics. Yet, although the launch vehicle capability is essentially available,
such telescopes cannot be launched today because the state of optical technology has not
advanced to the point where they and their supporting subsystems can assuredly and
economically be built for space application.

However, to develop optical technology to a point where the advantages of space can

be fully realized will require a significant commitment of the national space program’s
resources, There can be no question that the potential scientific returns justify such

a commitment. Because of this, and because of the commonality of requirements in
several applications areas, it is extremely important that the development of the re-
quired optical technology be carefully planned in advance. Thus, an overall compre-
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hensive development plan that is based on a detailed analysis of the technology re-
quirements of both telescope components and their supporting subsystems, and which
considers all practical means to achieve these requirements including studies, ground

tests, airborne tests, and space tests, is absolutely necessary. The Optical Tech-
nology Apollo Extension System is the starting point.




II. PROGRAM PHILOSOPHY

During the course of these initial conceptual and feasibility studies, it has become
increasingly clear that identification in detail of an integrated development plan for
space optics technology would be extremely fruitful. In developing this plan to main-
tain this nation’ s lead in space, first consideration has been given to those technologi-
cal developments which require space tests, as these, along with the necessary pre-
requisite ground test, will be the long lead time elements of the development program.
See figure 1. Consequently, the first logical step in the development of the overall
plan is to isolate those requirements which need space tests and design in an experi-
mental test program to satisfy these requirements. The results are highly revealing.

1. Optical Technology must now be developed in a more organized and logical way.

2. A number of feasible experiments can be implemented which will provide
required technological advance toward national space goals.

3. Because of its logical flow structure, it imposes an economic discipline
upon itself,

4. Because it is organized and well-planned, it offers assurance of application
reliability.

5. Because there are time constraints on attaining scientific knowledge, this
technology must be advanced now,

Briefly, these studies were approached as follows: (a) using scientific articles and
industrial reports as source materials, potential space scientific objectives which
require optical technology such as astronomy, meteorology, earth remote sensing,
and interplanetary missions were analyzed; (b) technology requirements for these ob-
jectives were determined; (c) alternate solutions to these problem areas were ident-
ified; (d) space experiments to achieve the above objectives were formulated; (e)
supporting ground development programs were identified; (f) these experiments
were integrated into a space package, and spacecraft and mission requirements to
support the experiment programs were analyzed; and (g) an overall technology plan
was developed which shows key development milestones in the Earth-based program,
schedules for each individual experiment, and master plan alternatives for the over-
all experiment program to achieve the technology objectives.
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IIl. CONCLUSIONS

The major conclusions of Part I of OTAES study are presented for convenience in six
categories. These conclusions form the basis for the recommendations appearing in
the next section.

1. Commonality

There is a broad commonality of the optical technology needed for astronomy, for
remote sensing of the Earth, for meteorology, for planetary observation, and for
space optical communications. That is, there is a commonality of application. See
figure 2.

If the special scientific and government groups associated with each of these applica-
tions were to develop the technology required for their particular interest, the resulting
programs wauld overlap and no one of them could be as effective in providing timely,
reliable, and economic space optical technology, and NASA would find itself paying
twice for its technology. Moreover, there are optical instruments which would be
desirable to more than one of these special interests but whose development can be
more fully justified because of the multiple applications. Consideration of the tech-
nology from the standpoint of its application, therefore, in two ways forcefully compels
the conclusion that a single technology development program must be instituted and
sustained.

There is also a commonality of development programs. For the optical technology
which requires space testing for its development, significant advantages are gained

by flying the experiments in groups even though each of them could be flown singly.
For instance, the nine propagation experiments require identically the same equipment
for their performance.

In summary then,
° The needed optical technology is common to all of the potential applications.

° The needed optical technology leads to common development experiments
and programs.

e This commonality strongly favors a comprehensive integrated development
program.

2. Completeness

The OTAES contract is limited to consideration of the technology which leads to space
testing. Increased emphasis by NASA is needed to develop an orderly program for
advancing the optical technology not covered by the present OTAES contract. A better
statement of this conclusion is that a comprehensive, orderly program for optical
technology should include in proper perspective both that part which leads to space
testing and that part which does not. T
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The ultimate responsibility for this planning, of course, rests with NASA but the
needed program should so intertwine with the OTAES program as to necessitate the
participation by the OTAES contractor in the technology planning.

A fuller treatment of technology now excluded from OTAES study by contractor spe-
cialists should be defined so as to take advantage of the potential experiments which
do not qualify for space testing but are nevertheless important elements of a compre-
hensive program.

3. Experiment Program

The OTAES has identified 15 experiments which are recommended for flight. Illus-
trative experiment concepts have been synthesized for the purpose of establishing
individual experiment feasibility, compatibility within logical groupings of related
experiments, and practicality within the context of supporting technologies. In
essence, these studies have bounded the problem. The results show that an OTAES
would make a significant and needed contribution to the national space program, that
OTAES is technologically and economically feasible, and that the OTAES mission
concept imposes no extraordinary support requirements. These conceptual studies
have identified critical development areas and test programs which must precede the
construction and launch of an orbiting optical technology experiment system. However,
it cannot be said that these experiments and the OTAES alternative missions are truly
designed. The effort has only been carried to a point sufficient to assure the feasibility
and practicality of an OTAES development program and to be certain that such a pro-
gram would be a significant contribution to the national space goals.

The recommended experiments are:
1. Optical Heterodyne Detection on Earth.
Optical Heterodyne Detection on the Spacecraft.
Direct Detection Space-to-Ground.
Communication with 10 Megahertz Bandwidth.
Precision Tracking of a2 Ground Beacon.
Point Ahead and Space-to-Ground-to-Space Loop Closure.
Transfer Tracking from One Ground Station to Another.

Phase Correlation Measurements.

QDCD\‘ICDCJ‘I#PCOEW

Pulse Distortion Measurements.

-
o

Primary Mirror Figure Test and Correction.

11. Thin Mirror Nesting Principle and Erection and Alignment of Large Optics
in Space.

12. Fine Guidance.

13. Comparison of Isolation Techniques.



14. Interferometer Systems.

15. Segmented Optics.
4. Missions

Nine different missions involving four different launch vehicles were evaluated from
the standpoint of performing the recommended OTAES experiments. Four of these
were selected as candidate missions. Furthermore, it was concluded that all of the
experiments recommended in this study could be performed on a synchronous manned
mission. Alternatively, all experiments except one, Interferometer Development,
could be performed on a combination low earth orbit manned mission and a synchronous
unmanned mission. Within certain constraints a synchronous orbit coupled with the
judicious choice of ground station configuration permits all of the experiments to be
performed on a single ground station complex including terminals for point ahead and
tracking transfer experiments.

A preliminary time line analysis indicated that the manned portion of a synchronous
mission could be accomplished in 15. 5 days. During this period all recommended
experiments could be performed at least once.

In summary,

o There are several alternatives for performing the recommended experiments,
and

e None of the alternatives require major spacecraft or space vehicle develop-
ment, and

e One ground station complex link is sufficient.
5. Spaceborne Support

An evaluation of the required spacecraft support indicated that all experiments could

be performed with modified Apollo hardware characteristic of AAP missions. Although
more than 20 configurations were considered, it was concluded that the performance

of OTAES experiments would not require a major spacecraft development program.

Apollo modifications planned for other missions would satisfy most OTAES require-
ments.

Similarly, spacecraft subsystem requirements could be satisfied with either existing
or planned technology. For instance, for a mission in which all experiments are
performed on one flight, the preferred power system would use oriented solar panels
to augment the existing Apollo systems. Furthermore, the spacecraft attitide stability
should be provided by control moment gyros with reaction jets used for periodic dump-
ing of accumulated angular momentum. Although the control moment gyros would
represent a modification to Apollo spacecraft, this specific technology is advancing
rapidly independent of the OTAES program and, in fact, might well be adapted to the
LEM Ascent Stage for such programs as the Apollo Telescope Mount.




In summary,

e All flight experiments can be performed with modified Apollo hardware
without a major spacecraft development program, and

o Subsystem technologies are adequate to support the experiments.
6. OTAES Schedules

Given a pre-OTAES research and development program as identified in the OTAES
study, the maximum required time to the first OTAES launch capability is approxi-
mately seven years. The pre-OTAES research and evelopment program would require
a maximum of three years prior to OTAES preliminary design. There is very small
variation in experiment availability, which reflects into a small schedule variation for
each of the missions. Figures 3 and 4 give the experiment availability for 16 recom-
mended experiments. Figure 5 shows the flight data for the four recommended mis-
sions. The pacing item in experiment availability is the telescope development design
and fabrication.

In summary,

e The schedules for flight experiments call for lead times that are long
enough to impart some urgency to getting started now.
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IV. RECOMMENDATIONS

As a result of the OTAES Phase I study, a number of recommendations have been
prepared. These recommendations are presented by categories.

General Optical Technology

Defintion of the projected optical technology needs in each of the application areas
of astronomy, Earth remote sensing, meteorology, and optical communications,
should be continued.

A study should be initiated to identify those technologies not in specific support
of flight experiments. This will complement the optical technology associated
with the OTAES experiments.

An overall optical technology program plan should be developed to relate these
two programs and others which will have impact.

OTAES Flight Program

Experiments

It is recommended that 15 space experiments be flown. These are:
a. Optical Heterodyne Detection on Earth.
b. Optical Heterodyne Detection on the Spacecraft.
¢. Direct Detection Space-to-Ground.
d. Communication with 10 Megahertz Bandwidth.
e. Precision Tracking of a Ground Beacon.
f. Transfer Tracking from One Ground Station to Another.
g. Point Ahead and Space-to-Ground-to-Space Loop Closure.
h. Phase Correlation Measurements.
i. Pulse Distortion Measurements.
jo Primary Mirror Figure Test and Correction,

k. Thin Mirror Nesting Principle and Erection and Alignment of Large Optics
in Space.

1. Fine Guidance.
m. Comparison of Isolation Techniques.
n. Interferometer System.

o. Segemented Optics.

13



10.

11.

12.

13.

14.

A continued effort in defining new OTAES experiments should be maintained.

In particular, detector technology requires further investigation as an area in
which fruitful space experiments might evolve.

The development of experiment justification should be continued and further
supported by the new analyses recommended as necessary in the continuation
of OTAES work.

Spacecraft & Missions
Four candidate spacecraft are recommended for further study to identify the con-
figuration which most nearly meets all of the requirements. These are:

a. Modified Apollo Synchronous Spacecraft.

b. Synchronous Spacecraft.

c. Dual Mission Spacecraft.

d. Near Earth Orbit LEM Spacecraft.

A detailed study of the use of the Apollo spacecraft on a manned synchronous
mission should be undertaken.

The feasibility of implementing some of the recommended experiments should be
explored in greater detail. For instance, a control and stabilization simulation,
a dynamic analysis, and a thermal analysis should be performed on the integrated
configurations developed in this part of the OTAES study.
Four candidate missions are recommended for the OTAES program. These are:

a. Manned synchronous misssion.

b. Unmanned synchronous mission.

c. Manned low earth orbit mission.

d. Single-launch, dual mission combining the un-manned synchronous and

manned low earth orbit missions.

These mission and spacecraft candidates should be investigated for the purpose
of determining an optimum OTAES flight program.

Operation Analysis

Further definition of OTAES support requirements such as the ground station,
data handling, etc. is needed.

Further definition of the man/experiment interface is necessary to coincide with

the level of experiment conceptual detail and the integrated experiment groupings
developed in Part I

14




15.

16.

17,

18.

19.

20.

21.

22,

23.

Although the experiment concepts described in the report are feasible, they

are not necessarily optimum. In particular, a consideration of alternatives which
would enhance the overall OTAES probability of success (insure maximum tech-
nological data) is needed. A series of conditional probability analyses are needed
which, when assembled, will relate success in all flight phases (launch, injection,
experiment, etc.) with mission, spacecraft, and experiment grouping alternatives.

Specific elements of the above generated reliability estimates should be compared
to reliability estimates for accomplishing the technological experiment objective
directly in the application without the intermediate step. Such a comparison would
yield a quantification of the OTAES technological gain.

It is recommended that the high reliability standards of the manned space program
be maintained in all the space areas through the development of optimum tech-
nology to insure maximum national support of these future potential space goals.

Further analysis of the space operational environment for individual experiments
is required. In particular, the contaminant environment and the influence of con-
taminant particle size and distribution on mirror degradation characteristics
should be determined.

Planning

An OTAES technical plan should be developed which will describe the tasks re-
quired in the following OTAES phase and a plan for accomplishing these tasks.

An OTAES preliminary facility plan should be developed which defines the nature
and extent of the facilities required for the OTAES flight program.

An OTAES preliminary test plan should be developed which indicates the nature
and extent of test and checkout activity for the OTAES flight program.

An OTAES preliminary schedule should be prepared which will establish a
feasible timing for development of the OTAES flight program and will identify
the critical paths in this development and the urgency of timing of the specific
development tasks.

An OTAES preliminary cost plan should be developed which will indicate the cost
of the OTAES alternatives.

15



V. RECOMMENDED OTAES EXPERIMENTS

The experiments developed in the course of these studies have been categorized into
three groupings for the purpose of generalized description,

Optical Propagation Group

The atmosphere has been studied for centuries from Earth-bound observatories using
the noncoherent light from stars., Rockets and satellites now permit remote measure-
ments of the Earth and its atmosphere, Over the past decade, the national space pro-
gram has accumulated many such data; and a large portion of these data were measured
in the ultraviolet, visible, and infrared, To make optimum use of remotely sensed
data, more must be known about the physics of the atmosphere and the effect of the
atmosphere on optical signals passing through it. As a tool to advance our knowledge
in these areas the laser possesses two highly useful properties: spatial coherence
and temporal coherence. A laser transmitter can emit an extremely narrow, intense
beam of monochromatic light. Furthermore, since they operate at frequencies sensi-
tive to atmospheric absorption and scattering and variations in the index of refraction,
the laser is the most promising instrument for obtaining a better understanding of the
turbulent structure of the atmosphere, To study the physics of the atmosphere using

a spaceborne light source is to study the character of a space-ground transmission
path, The establishment of such a path is tantamount to establishing an optical communi-
cation link, Indeed, the most promising operational application for lasers is wide-
band communication over extremely long distances, But, to achieve this goal, a
foundation of spaceborne optical communication engineering data must be obtained,
The propagation experiments, singly and as a group, are advanced as a means for
studying the Earth’s atmosphere as a prerequisite to the development of alternatives
in the field of communication, The optical propagation group is comprised of nine
experiments. This group is pictorially represented in figure 6, The conceptual detail
of the spaceborne telescopes are shown in figure 7 and 8, Four of the experiments are
directly associated with optical communications, Collectively, the space-to-ground
communication experiments provide a comparison of the fundamental communication
techniques: direct detection and heterodyne detection, Also, the heterodyne experi-
ment, which is performed both in space and on the ground, is formulated on a scale
sufficient to allow comparison between laser and radio frequency communication,
Direct detection, which has the advantages of system simplicity, lenient pointing
tolerances, and an advanced state of ground based development, is also the subject

of a proposed experiment. Intimately related to the detection experiments, but opera-
tionally distinct, is the 10 megahertz bandwidth communication experiment in which
the objective is to actually compare the wideband optical communication alternatives,

Three experiments of the optical propagation group are concerned with the development
of the technology required for eventual optical communication from deep space. In
order to utilize the narrow beams in which the laser power may be concentrated re-
quires a pointing capability commensurate with the beam divergence (e.g., 0.1 arc-
second) . Achieving this accuracy requires a precise reference from the ground station
to the spacecraft. This reference is established by precise tracking of an upcoming
laser beam, Such tracking is the subject of one experiment, It should be pointed out

16




Figure 6. Spaceborne and Ground Equipment Concept for the Optical Propagation
Experiment

17
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that this tracking is required to support the other experiments, so that no additional
spacecraft equipment is required,

An important element of the communications experiements is to simulate, as nearly
as is practical, communication conditions from deep space, For tests whose alternate
objective is the development of operational techniques, it is important that the tech-
nology be exercised under realistic conditions since communication from the planets
will require, among other things, the transfer of tracking from one ground station to
another. The objective of one of the proposed experiements is to develop this capa-
bility, Another particularly difficult problem with a two-way communication link with
deep space is the lead angle which must be incorporated into the transmitter beam,
Caused by the relative velocities between the spacecraft and the ground station and the
relatively long transit times, the lead angle requirement may typically be as great as
40 arc-seconds for a Mars flyby.

Two experiments of the optical propagation group are designed to explore important
properties of the atmosphere in order to first test a technique for measuring phase
variations as a function of time, with a highly monochromatic laser source and, second,
to study phase and amplitude characteristics of the atmosphere as a transmission
medium,

Telescope Technology Group

The second major group of proposed experiments is designed to advance space telescope
technology. Figure 9 is a detailed experiment well concept which facilitates this group,
The outstanding goal in space astronomy, recommended by the Space Science Board, is
the 3-meter (120-inch) telescope. The telescope aperture, by virtue of its size, es-
tablishes its light gathering capability, The light gathering power of this telescope is
such that if complemented with a very high resolution capability, i.e., to its diffraction
limit, it will permit astronomical observations not heretofore possible,

However, telescope resolution, exclusive of the particular optical configuration, is
affected by mirror and/or lens surface shape deviation and smoothness, optical sys-
tem alignment, optical materials and coatings, and lens material homogeneity, The
most formidable problem is that of maintaining primary mirror diffraction-limited
quality. To do this requires sensible and precise techniques for determining the de-
viation of the mirror figure from its required shape and, if a deviation exists, suit-

able methods for correcting the mirror figure so that the undesired deviations are
removed,

Further, a mirror may return to its figure over most of its surface but fail to com-
pletely return on the balance, An evaluation of this condition under a space condition
would be the only way to ascertain that the ground test conditions were not the cause
of the discrepancy from prediction. In addition, a study was made of various methods
for simulation of a zero g environment on earth., Each approach reviewed had serious
drawbacks resulting in a need for space testing.
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One possible solution to these problems is the use of a segmented primary mirror

in the telescope, It is proposed as part of OTES to design, orbit, and test a small
segmented telescope. The segmented telescope performance will be tested both by
astronomical photography and by figure testing. A comparison of these results to
ground-based results and predictions on the same telescopes will then allow a determin-
ation of the environmental affects on segmented mirror performance and, thus, of the
merits of the concept, Another experiment proposes techniques for aleviating the
figure control problem, By uniformly supporting a thin mirror during manufacture

to eliminate the gravity-induced distortion, the mirror will tend to return to its proper
figure in a low-g space environment, Figure 10 illustrates a possible future space
operation including such a thin mirror concept,

Stellar Oriented Experiment Group

Experiments of this last major group are grouped together because, from an operation
viewpoint, they share common subsystems, Figure 11 is a detailed telescope concept
which facilitates this group,

The fine guidance experiment will serve the purpose of space development and testing

of a highly stable star pointing system applicable to large telescopes (at least 100 inches),
For this experiement the comparable performance is a pointing system stable to one
one-hundredth of one second of arc when guiding on dim stars (+ 10 mag A0 star) against
different background brightnesses,

The requisite testing and data gathering (of the proposed experiment) essential to the
design of a large telescope fine guidance system include: evaluating the pointing stability
as a function of star color temperature and magnitude; evaluating two types (at least)

of fine sensors; testing reacquisition and fine guidance on consecutive half orbits (which
is important in near Earth orbit missions) , and evaluating different fine beam deflectors.

The objective of the second experiment in this group is the development of isolation
techniques., Precise stabilization of a space telescope, as discussed above, requires
isolation from man-produced distrubances originating in the spacecraft, Several
techniques, all of which are designed specifically to take advantage of zero g space
conditions, are proposed for experimentation, One of these techniques, that of spring
suspension, is depicted in figure 12,

The last experiment in the stellar oriented group is the stellar interferometer experi-
ment, A stellar interferometer stationed in Earth orbit, where beam vibration and
atmospheric turbulence can be minimized, will be a valuable tool for increasing our
knowledge of stellar and galactic dimensions, Cepheid characteristics, and mechanics
of stellar systems,

The full effects of the space environment on the instrument cannot be obtained on Earth
nor can they be adequately simulated in the presence of gravity, Data are also needed
on the combination and transmission of the many disturbances as inputs to a beam
analysis model, In short, comparison of beam concepts must be accomplished in space,
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“Thin Mirror” Replacement in Space-borne Telescope

Figure 10.
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V. DEVELOPMENT PLAN

One purpose of the OTAES study is to provide NASA with the comprehensive plan for
the fulfillment of optical related space science technologies. As a guide, the OTAES
technology development plan used two broad NASA goals: a large manned orbiting
telescope and an interplanetary optical communications system. Most of the optical
technology needs detailed in the first part of the OTAES study are satisfied by the
achievement of these two goals.

A summary development plan was laid out for these two goals. Figures 13 and 14 are
the plans for the manned orbiting telescope and interplanetary optical communication
system, respectively. Specific OTAES experiments as well as prerequisite ground
based testing to support these experiments appears in this schedule plan. Ground
based testing not related to the OTAES experiments is identified by indicating specific
technological areas in which such testing will be necessary. These tests, however,
have not been time-phased.

It is evident by inspecting these plans that the OTAES flight experiments comprise a
necessary step in the attainment of these planned goals. The technology advancements
required to attain the long range goals are of such magnitude and complexity that a
technology quantum jump approach does not appear feasible and that space experi;n_ents

are a logical step to insure continuous technology advancement in all disciplines.
Although the experiments can be designed to be flown singly and independently, much
more will be gained by launching them in groups on a single vehicle or in closely
timed launches.
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